INTRODUCTION
============

Coronary artery disease (CAD) as a common multifactorial disease is the leading cause of morbidity and mortality in developed as well as developing countries \[[@b1-vsi-32-105]\]. Despite the high prevalence of CAD worldwide, its underlying mechanism has not been fully understood. The main cause of CAD is atherosclerosis that is characterized by defective endothelial function and plaque formation in the inner wall of the artery \[[@b1-vsi-32-105]\].

Endothelial dysfunction is a common finding in CAD that occurs in response to numerous cardiovascular risk factors and precedes the development of atherosclerosis. One of the main regulators of vascular endothelial cell function is nitric oxide (NO), which acts as an important relaxing factor and atheroprotective agent \[[@b2-vsi-32-105]\]. NO also inhibits several key steps in atherosclerosis including platelet activation, platelet and leukocyte adhesion, adhesion molecule and chemokine expression, inflammatory cell infiltration, and smooth muscle cell migration and proliferation \[[@b3-vsi-32-105],[@b4-vsi-32-105]\].

NO is produced in endothelial cells by oxidation of L-arginine to L-citrulline, a reaction catalyzed by endothelial nitric oxide synthase (eNOS). The eNOS is encoded by a 26 exongene located on chromosome 7q35 to 36 \[[@b5-vsi-32-105]\]. Several alterations have been reported in the eNOS gene that changes gene expression levels and functional status of eNOS. A point mutation of guanine (G) to thymine (T) at nucleotide 894 in exon 7 of the eNOS gene changes the coding sequence of the eNOS from glutamic acid to aspartic acid at codon 298 (Glu298Asp, also known as G894T, rs1799983) \[[@b6-vsi-32-105]\]. This variant results in reduced eNOS enzymatic activity and decreased production of NO by endothelial cells \[[@b6-vsi-32-105]\]. The Asp allele of G894T polymorphism of eNOS gene has been reported as a risk factor for CAD development with conflicting results \[[@b7-vsi-32-105]--[@b13-vsi-32-105]\]. These controversial results are probably due to differences in the ethnic background of the studied population \[[@b14-vsi-32-105]\]. Moreover, the association between eNOS G894T polymorphism and the plasma levels of NO is not consistent. Some studies have shown reduced NO production in genotypes carrying the Asp allele \[[@b9-vsi-32-105]\] while other studies did not report such an association \[[@b10-vsi-32-105]\]. Currently, there is limited data regarding the role of eNOS G894T polymorphism as a risk factor for CAD development from the northwest of Iran. So, the aim of the present study was to investigate the association of eNOS G894T genetic polymorphism and CAD development. Also, intergenotypic variations of plasma NO levels were determined in the study population.

MATERIALS AND METHODS
=====================

1.. Study population
--------------------

The present case control study included 200 patients with angiographically documented CAD (more than 50% detectable stenosis in at least one major coronary artery) and 100 healthy matched controls. All of the control subjects were selected after careful inspection by a cardiovascular specialist. For all subjects, a complete medical history including questions about smoking habits, history of hypertension and diabetes was obtained by questionnaire. The mean age of CAD patients and controls was 58.3±27.6 and 56.7±29.5 years, respectively. After 12 hours fasting, 5 mL of venous blood were collected in ethylenediamine tetraacetic acid containing tubes and immediately centrifuged. The plasma fraction was separated and stored at −40°C until biochemical analysis and the cellular fraction was used for DNA and RNA extractions. The study was approved by the Ethic Committee of Zanjan University of Medical Sciences (IRB no. ZUMS.REC.1394.324), Zanjan, Iran.

2.. eNOS G894T polymorphism analysis
------------------------------------

Genomic DNA was isolated using a commercially available kit (Geno Plus Genomic DNA Mini, GG2001; Viogene, Grunwaldzka, Poland) and subsequently was stored at −40°C until analysis.

Analysis of eNOS G894T polymorphism was conducted by polymerase chain reaction (PCR)-restriction fragment length polymorphism method as previously described \[[@b15-vsi-32-105]\]. The sequences of primers used for PCR reaction were as follows, forward: 5′-AAGGCAGGAGACAGTGGATGG-3′ and reverse: 5′-CCCAGTCAATCCCTTTGGTGCT CA-3′. Restriction digestion was performed in a total volume of 20 μL including 8 μL PCR amplicons, 2 μL digestion buffer and 2 units of BanII (EURx Ltd., Gdansk, Poland) restriction enzyme and appropriate volumes of DNase-free water. Then, samples were incubated for 5 hours at 37°C. The digested PCR products were subjected to electrophoresis on a 2.5% agarose gel and subsequently stained with Sybr green dye. Digestion of the PCR product in the presence of T allele resulted in a single non-cleaved 248 bp fragment, while in the presence of G allele, the 248 bp amplicon was cleaved into 163 bp and 85 bp fragments ([Fig. 1](#f1-vsi-32-105){ref-type="fig"}).

3.. Estimation of plasma NO levels
----------------------------------

Determination of NO in plasma samples was performed indirectly using the Griess reaction as previously described with slight modification \[[@b16-vsi-32-105]\]. Since NO is rapidly converted to nitrite (NO2−) and nitrate (NO3−) in biological fluids, the total concentration of nitrite and nitrate can be determined as a quantitative measure of NO production.

Briefly, plasma samples were deproteinized with 30% zinc sulfate solution. Then, 100 µL of deproteinized plasma samples were incubated with 100 µL Griess reagent at 37°C for 30 min, during which the magenta colored azo dye was developed from the stable decomposition product, nitrite and the Griess reagent. Then, the absorbance of reactions was measured on a microplate reader at 543 nm. An appropriate series of standard solutions were run and the acquired absorbance of standards was used for constructing of a standard curve. The concentration of NO in the plasma sample was determined using the standard curve.

4.. Estimation of plasma lipids levels
--------------------------------------

Plasma total cholesterol (TC), triglycerides (TG), high density lipoprotein-cholesterol (HDL-C) and fasting glucose levels were measured using commercially available enzyme assay kits (Pars Azmoon kit; Pars Azmoon Co., Tehran, Iran) and Mindray auto-analyzer (BS-200; Shenzhen Mindray Bio-Medical Electronics Co., Ltd, Shenzhen, China). The plasma low density lipoprotein-cholesterol (LDL-C) was calculated using the Friedewald and Fredrickson's formula \[[@b17-vsi-32-105]\].

5.. Statistical analysis
------------------------

Numerical data were presented as mean±standard deviation and were compared using independent Student's t-test. Association between different categorical variables was done using chi-square (X^2^) test. All statistical analysis was performed using SPSS 16.0 software (SPSS Inc., Chicago, IL, USA) with a statistical significance level of P\<0.05.

RESULTS
=======

The clinical and demographic characteristics of the CAD patients and control subjects indicated no significant differences in the mean ages, sex distribution and triglyceride levels between the two groups (P\>0.05) ([Table 1](#t1-vsi-32-105){ref-type="table"}). However, compared with control subjects, CAD patients had significantly higher plasma levels of TC and LDL-C and lower plasma levels of HDL-C (P\<0.05). Also, there were significantly higher percentages of patients with diabetes (as defined by fasting blood glucose \>125 mg/dL) (P=0.022), hypertension (systolic blood pressure \>140 mmHg and/or diastolic blood pressure \>90 mmHg) (P=0.016) and smoking habit (P=0.009) in the CAD patients in comparison to control subjects. The mean plasma levels of NO was significantly lower in CAD patients than control subjects (41.60±12.70 vs. 55.48±16.57, P=0.001) ([Table 1](#t1-vsi-32-105){ref-type="table"}). Since smoking is one of the most important causes of cardiovascular disease, we performed a subgroup analysis to assess the effect of smoking on mean plasma levels of NO. Results revealed that mean plasma levels of NO was significantly lower in smoker compared with non-smoker CAD patients (P=0.004) ([Fig. 2](#f2-vsi-32-105){ref-type="fig"}). However, no significant correlation was seen between plasma NO levels and plasma TC levels, TG levels, HDL-C and LDL-C levels (P\>0.05). Additionally, the intergenotypic differences of plasma NO levels were evaluated in patients with and without eNOS G894T polymorphism. Results indicated that plasma levels of NO was significantly lower in GT heterozygote and mutant TT homozygote genotype of eNOS G894T polymorphism when compared to wild type GG genotype (P\<0.001) ([Fig. 3A](#f3-vsi-32-105){ref-type="fig"}). Also, significant intergenotypic differences of plasma NO levels were observed in control subjects ([Fig. 3B](#f3-vsi-32-105){ref-type="fig"}).

The genotypic distribution of eNOS G894T polymorphism in CAD patients and control subjects were evaluated. The distribution of heterozygote genotype and mutant homozygote genotype between CAD patients and control subjects were significantly different (P=0.016; P=0.009, respectively) ([Table 2](#t2-vsi-32-105){ref-type="table"}). Also, the frequency of the T allele of the G894T polymorphism was significantly higher in CAD patients than control subjects (odds ratio \[OR\], 2.1; 95% confidence interval \[CI\], 1.3--3.1; P=0.001) ([Table 2](#t2-vsi-32-105){ref-type="table"}).

Additionally, the association between eNOS G894T gene polymorphism and CAD risk was investigated under the recessive genetic model and dominant genetic model. Results indicated that G894T gene polymorphism increased CAD risk in both the recessive genetic model (OR, 3.1; 95% CI, 1.05--9.3; P=0.032) and dominant genetic model (OR, 2.2; 95% CI, 1.3--3.6; P=0.020) ([Table 3](#t3-vsi-32-105){ref-type="table"}). Moreover, the association between eNOS G894T genotype distribution and the severity of CAD (number of diseased vessel) were analyzed. Results showed no significant association between genotype distribution of eNOS G894T polymorphism and CAD severity (P\>0.05) ([Table 4](#t4-vsi-32-105){ref-type="table"}).

The genotype distribution of eNOS G894T polymorphism was evaluated between smoker and non-smoker CAD patients. Results indicated that out of 58 CAD patients who were smokers, 13 patients (22.4%) had 894TT genotype while among 142 non-smoker CAD patients, 10 patients (7.1%) had 894TT genotype. There was a significant difference in the distribution of 894TT genotype between smoker and non-smoker CAD patients (OR, 3.18; 95% CI, 1.3--7.6; P=0.01).

DISCUSSION
==========

The study was planned to determine the role of eNOS G894T polymorphism and plasma NO levels in CAD development and also to determine the effect of this polymorphism on plasma NO levels in CAD patients. Our main findings were as follows: (i) reduced plasma levels of NO is a significant risk factor for development of CAD in the Iranian population; (ii) the eNOS G894T polymorphism is a contributing factor for decreased plasma levels of NO; (iii) the eNOS G894T polymorphism is a significant risk factor for development but not for severity of CAD in the Iranian population.

The association of eNOS G894T gene polymorphism with CAD risk has been investigated in different populations; however, variable results of association \[[@b7-vsi-32-105]--[@b11-vsi-32-105]\] and lack of association \[[@b12-vsi-32-105],[@b13-vsi-32-105],[@b18-vsi-32-105]\] have been reported. The results of the present study strongly suggest that eNOS G894T polymorphism is a risk factor for CAD. Analysis of eNOS G894T polymorphism revealed a positive association between heterozygous and homozygous carriers of the T allele and the occurrence of CAD in the studied population. The increased CAD risk observed in the carriers of heterozygous and mutant homozygous genotypes of eNOS G894T polymorphism suggests that the risk of CAD posed by the 894T allele is expressed both dominantly and recessively, as indicated in [Table 3](#t3-vsi-32-105){ref-type="table"}. Therefore, our study was in accordance with studies by Kerkeni et al. \[[@b19-vsi-32-105]\] and Saini et al. \[[@b7-vsi-32-105]\] that showed significant association between this polymorphism and CAD risk.

There are some evidence in carriers of the 894T allele of eNOS G894T polymorphism that can predispose them to CAD occurrence including (i) an enhanced systemic pressor response to phenylephrine \[[@b20-vsi-32-105]\], (ii) a reduced blood pressure fall after exercise training \[[@b21-vsi-32-105]\], (iii) lower basal blood flow and reduced vasodilation to adenosine in coronary arteries \[[@b22-vsi-32-105]\], and (iv) a reduced flow-mediated dilatation of the brachial artery \[[@b23-vsi-32-105]\] that collectively makes carriers of this polymorphism more prone to suffer from coronary events. The synergistic effects between these effects coupled with decreased bioavailability of NO in T allele carriers and also the presence of some gene-gene and gene-environmental interactions modulating the NO levels may accelerate the process of endothelial damage and subsequent emergence of overt CAD among T allele carriers (Asp allele) of the eNOS G894T gene polymorphism \[[@b7-vsi-32-105],[@b9-vsi-32-105]\]. Also, greater red blood cell aggregability potential has been reported in CAD patients carrying the T allele of eNOS G894T polymorphism \[[@b24-vsi-32-105]\]. However, our results were inconsistent with the findings from some other studies that have reported a negative association between this polymorphism and CAD \[[@b12-vsi-32-105],[@b13-vsi-32-105],[@b18-vsi-32-105]\]. The reasons for these contradictory results may be related to variation in study design, different selection criteria for cases and controls, heterogeneity in sample size, and numerous known and unknown gene-gene and gene-environmental interactions \[[@b25-vsi-32-105]\]. Also, ethnic differences may influence the impact of this polymorphism on CAD risk \[[@b14-vsi-32-105]\].

Several evidences suggest that alterations in the NO pathway might be involved in endothelial dysfunction and atherosclerosis \[[@b7-vsi-32-105],[@b19-vsi-32-105]\]. The results of the present study also indicated a reduced level of NO in CAD patients. This may have resulted as a consequence of increased occurrence of the T allele in CAD patients compared with control subjects (31.5% vs. 18.5%). Decreased NO levels in atherosclerotic vessels may be caused by oxidative stress in CAD \[[@b26-vsi-32-105]\]. Oxidative stress leads to generation of reactive oxygen species which scavenge NO, thereby reducing NO bioavailability \[[@b27-vsi-32-105]\]. Therefore, impaired endothelial function caused by reduced NO levels in CAD patients may play a role in the pathogenesis of cardiovascular events.

Moreover, our study indicated that eNOS G894T polymorphism is associated with decreased plasma concentration of NO in the CAD patients, which is consistent with some previously published studies that reported reduced bioavailability of NO in carriers of eNOS G894T polymorphism \[[@b7-vsi-32-105],[@b9-vsi-32-105]\]. The possible mechanism by which the 894T allele (Asp298) results in reduced NO levels in the body may be the selective proteolytic cleavage of the Asp298 in the endothelial cells and vascular tissues. The resultant cleaved fragments especially among the carriers of homozygous mutants of this polymorphism lead to diminished activity of the enzyme and decreased NO biosynthesis \[[@b28-vsi-32-105]\].

Moreover, in our study the 894TT genotype was more common among CAD patients who were smokers compared with CAD patients who were non-smokers (P=0.01). These data, possibly suggest that cigarette smoking as an established underlying causes of endothelial dysfunction may act synergistically with this common polymorphism to attenuate endothelial function and predispose patients to increased CAD risk. Therefore, our study provided an evidence for a gene-environment interaction in modulating predisposition to CAD risk. Similar results were reported by Dafni et al in a study of 204 patients with a history of myocardial infarction in the Greek population \[[@b8-vsi-32-105]\].

Also, similar to the study by Kerkeni et al. \[[@b19-vsi-32-105]\], our study indicated no significant differences in the genotype distribution of eNOS G894T polymorphism between CAD patients with one, two and three diseased vessels. These results confirmed the ineffectiveness of this common polymorphism as a determining factor for the severity of disease in CAD patients.

CONCLUSION
==========

Reduced plasma level of NO is associated with increased risk of CAD in our population. Moreover, eNOS G894T polymorphism is a significant risk factor for CAD development but not for the severity of CAD, which acts by reducing the plasma levels of NO. Also, cigarette smoking, by synergistic combination with eNOS G894T polymorphism, may predispose to the development of CAD.
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###### 

Clinical characteristics of the coronary artery disease (CAD) patients and the control subjects included in our study

  Variable                           CAD group (n=200)   Control group (n=100)   P-value
  ---------------------------------- ------------------- ----------------------- ---------
  Age (y)                            58.7±24.3           56.7±29.5               0.475
  Sex (male/female)                  110/90              51/49                   0.478
  Triglyceride (mg/dL)               181.2±99.7          169.4±75.7              0.395
  Total cholesterol (mg/dL)          195.8±76.3          167.3±49.5              0.002
  High density lipoprotein (mg/dL)   36.8±11.1           43.3±14.8               0.010
  Low density lipoprotein (mg/dL)    104.3±54.9          85.5±43.2               0.041
  Hypertension                       44 (22)             9 (9)                   0.016
  Diabetes                           48 (24)             11 (11)                 0.022
  Smoking                            58 (29)             12 (12)                 0.009
  Nitric oxide (μmol/L)              41.60±12.70         55.48±16.57             0.001

Values are presented as mean±standard deviation, number only, or number (%).

###### 

Genotype and allele distribution of eNOS G894T polymorphism in CAD patients and control subjects

  eNOS G894T polymorphism   CAD group (n=200)   Control group (n=100)   OR (95% CI)      P-value
  ------------------------- ------------------- ----------------------- ---------------- ---------
  GG genotype               97 (48.5)           67 (67.0)               1                Ref.
  GT genotype               80 (40.0)           29 (29.0)               1.9 (1.1--3.2)   0.016
  TT genotype               23 (11.5)           4 (4.0)                 4 (1.3--12)      0.009
  G allele                  274 (68.5)          163 (81.5)              1                Ref.
  T allele                  126 (31.5)          37 (18.5)               2.1 (1.3--3.1)   0.001

Values are presented as number (%) or OR (95% CI).

eNOS, endothelial nitric oxide synthase; CAD, coronary artery disease; OR, odds ratio; CI, confidence interval; GG, wild type; GT, heterozygote; TT, homozygote; G, guanine; T, thymine.

###### 

Analysis of eNOS G894T gene polymorphism in the CAD group and control group using dominant and recessive genetic models

  Genetic model   Genotype     CAD group (n=200)   Control group (n=100)   OR (95% CI)   P-value
  --------------- ------------ ------------------- ----------------------- ------------- ---------
  Dominant        GG           97 (48.5)           67 (67.0)               1             Ref.
  GT+TT           103 (51.5)   33 (33.0)           2.2 (1.3--3.6)          0.020         
  Recessive       GG+GT        177 (88.5)          96 (96.0)               1             Ref.
  TT              23 (11.5)    4 (4.0)             3.1 (1.05--9.3)         0.032         

Values are presented as number (%) or OR (95% CI).

eNOS, endothelial nitric oxide synthase; CAD, coronary artery disease; OR, odds ratio; CI, confidence interval; GG, wild type; GT, heterozygote; TT, homozygote.

###### 

Number of CAD patients with 1, 2, and 3 diseased vessels according to various genotypes of eNOS G894T polymorphism

  eNOS G894T polymorphism   1 DV (n=67)   2 DV (n=85)   3 DV (n=48)   P-value (2DV vs. 1DV)   P-value (3DV vs.1DV)
  ------------------------- ------------- ------------- ------------- ----------------------- ----------------------
  GG                        31 (46.3)     40 (47.1)     26 (54.2)     Ref.                    Ref.
  GT                        30 (44.8)     36 (42.4)     14 (29.2)     0.833                   0.160
  TT                        6 (8.9)       9 (10.5)      8 (16.6)      0.795                   0.439
  (GT+TT)                   36 (53.7)     45 (52.9)     22 (45.8)     0.923                   0.403

Values are presented as number (%).

CAD, coronary artery disease; eNOS, endothelial nitric oxide synthase; DV, diseased vessel; GG, wild type; GT, heterozygote; TT, homozygote.

[^1]: Conflict of interest: None.
